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(54) Nitrided maraging steel and method of manufacturing thereof 



(57) A maraging steel is subjected to the aging to 
have a hardness of more than 500 Hv. A nitrided case 
is formed to have a depth that is about 20 % to 50 % to 
a 1/2 thickness of the maraging steel plate. An endless 
ring for a metal belt is constructed by the above marag- 
ing steel. According to methods of manufacturing the 



maraging steel and the endless ring, the nitrided case 
having the depth that is 20 % to 50 % of a distance from 
a plate surface to a center can be formed by executing 
an aging to have the hardness of more than 500 Hv, then 
executing a nitriding in the nitrogen atmosphere to which 
organic chloride is added. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

[0001] The present invention relates to nitrided ma- 
raging steel which can be used as a metal belt in a belt- 
type variable speed drive for the car, etc., for example, 
and a method of manufacturing the same. 

2. Description of the Related Art 

[0002] The metal belt employed in the belt-type vari- 
able speed drive has a structure as shown in FIG.1 . For 
example, about 400 pieces of metal blocks 10 are cou- 
pled in an endless fashion by two sets of metal endless 
rings 20 each of which is constructed by laminating the 
endless rings up to about nine layers. The endless rings 
20 need the high tensile strength that is required for the 
power transmission and the fatigue life that withstand 
the repeat bending stress caused when the belt is 
wound on the pulley. Forthis reason, the maraging steel 
that is known as the ultra high strength steel is employed 
as the endless rings 20. In addition, the nitriding is ap- 
plied to this maraging steel to improve the fatigue life. 
[000.3] However, the passive oxide film due to the ox- 
idation is formed on the surface of the steel that contains 
a number of alloy elements, like the maraging steel. 
Therefore, the permeation of the nitrogen is prevented 
by the passive film and thus the uniform nitriding be- 
come difficult. 

[0004] Up to now, as the nitriding method for the ma- 
raging steel, there have been proposed the method of 
executing the nitriding after the oxide film is removed by 
using the hydrogen chloride or the phosphoric acid, the 
method of executing the nitriding in the nitriding atmos- 
phere to which the hydrogen sulfide is added, the meth- 
od of executing the nitriding after the oxide film on the 
surface is reduced by using the fluorine compound, the 
method of executing the nitriding in the salt bath, etc. so 
as to improve the fatigue life. 

[0005] However, the problem such as the stability in 
quality, the workability, the economical efficiency, the 
measure for the environmental pollution, or the like still 
remains in the above nitriding methods. For example, 
the method of removing the passive oxide film by using 
the hydrogen chloride orthe phosphoric acidfails to pro- 
vide a sufficiently uniform nitrided case. Also, since the 
method of executing the sulphonitriding in the nitriding 
atmosphere, to which the hydrogen sulfide is added, 
employs the hydrogen sulfide having the strong toxicity, 
the heavy burden in the handling and management of 
the chemicals is imposed. Further, the method of exe- 
cuting the nitriding after reducing the oxide film on the 
surface by using the fluorine compound needs the high 
process cost, because the nitriding must be executed 
after the fluoriding treatment. In addition, the fluorine 



compound remains on the surface of the maragingsteel. 
Also, since the method of executing the nitriding in the 
salt bath employs the cyanogens, the measure for the 
environmental pollution such as the waste water proc- 
s ess is needed and thus there is the problem in the work- 
ability. 

[0006] Further, since the endless ring for the metal 
belt that is constructed by laminating about ten sheets 
of rings, as shown in FIG.1 , is used, variation in the elon- 

10 gation of the circumferential length of the rings caused 
before and after the nitriding must be reduced. There- 
fore, it may be considered that, like the nitriding method 
disclosed in Japanese Patent Application Publication 
Sho 59-80772 (published in 1984), the nitrided depth 

'5 must be formed shallow by lowering the ammonia con- 
centration upon the gas nitriding to reduce the permea- 
tion of the nitrogen. 

SUMMARY OF THE INVENTION 

20 

[0007] However, in recent years, the needs for the 
higher output of the engine and the reduction in size and 
we g^t are enhanced. Thus, the higher strength of the 
mete; bait is desired in order to satisfy such request. Ac- 
25 cordingly. in order to achieve the higher strength of the 
maraging steel, it is requested to form the uniform and 
deeper nitrided case by improving much more the nitrid- 
ing in the prior art. 

[0008] Also, since the maraging steel is the precipita- 
te tion hardening alloy steei, the age hardening makes 
progress simultaneously with the nitriding to change the 
mechanical characteristics. For this reason, the selec- 
tion of the nitriding treating profiles to sufficiently bring 
out the characteristics of the maraging steel, that is nei- 
35 ther insufficiently aged nor excessively aged, must be 
checked. 

[0009] It is an object of the present invention to pro- 
vide a maraging steel that is excellent in fatigue life and 
has a small amount of variation in the length based on 

40 the nitriding, and an endless ring for a metal belt in a 
variable speed drive using the same. 
[001 0] It is another object of the present invention to 
improve the stability in quality, the workability, the eco- 
nomical efficiency, etc. in the nitriding of the maraging 

45 steel, and also to prolong the fatigue life by improving 
the fatigue life. 

[0011] Afirst aspect of the present invention provides 
a maraging steel which comprises a plate which is sub- 
jected to an aging to have a hardness of more than 500 

50 Hv; and a nitrided case formed on a surface layer of the 
plate. The nitrided case has a depth that is about 20 % 
to 50 % to a 1/2 thickness of the plate. 
[0012] A second aspect of the present invention pro- 
vides an endless ring applied to a metal belt. This end- 

55 less ring comprises a maraging steel plate which is sub- 
jected to an aging to have a hardness of more than 500 
Hv; and a nitrided case formed on a surface layer of the 
plate. This nitrided case has a depth that is about 20 % 
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to 50 % to a 1/2 thickness of the plate. 
[001 3] A third aspect of the present invention provides 
a method of manufacturing the above maraging steel 
plate. This method comprises executing an aging to 
have a hardness of more than 500 Hv; and forming a 
nitrided case whose depth is about 20 % to 50 % to a 
distance from a plate surface to a center. This nitrided 
case is formed by executing a nitriding in a nitrogen at- 
mosphere, to which organic chloride is added, after the 
aging. 

[0014] Aforth aspectof thepresentinvention provides 
a method of manufacturing the above endless ring ap- 
plied to the metal belt. This method comprises executing 
an aging to have a hardness of more than 500 Hv; and 
forming a nitrided case whose depth is about 20 % to 
50 % to a distance from a plate surface to a center. The 
nitrided case is formed by executing a nitriding in a ni- 
trogen atmosphere, to which organic chloride is added, 
after the aging. 

BRIEF DESCRIPTION OF THE DRAWINGS 



FIG. 1 is a partial perspective view showing a metal 25 
belt for a variable speed drive employing endless 
rings; 

FIG.2 is a flowchartshowing an example of the end- 
less ring manufacturing steps; 

FIG.3A is a view showing an example of a heating so 
profile in an aging of a maraging steel; 
FIG.3B is a view showing an example of a heating 
profile In a nitriding of the maraging steel; 
FIG.3C is a view showing an example of a heating 
profile used when both the aging and the nitriding 35 
of the maraging steel are carried out simultaneous- 
ly; 

FIG.4 is a view showing a belt-pulley type endless 
ring fatigue tester; 

FIG.5 is a table showing evaluated results of me- 40 
chanical characteristics of examples and compara- 
tive examples; 

FIG. 6 is a graph showing the relationship between 
a nitrided case depth from a surface of the maragi ng 
steel, which is subjected to the nitriding, and Vickers 45 
hardness; 

FIG.7 is a graph showing the relationship between 
a rate of the nitrided case depth to a 1 12 plate thick- 
ness and a fatigue life; 

FIG.8 is a graph showing the relationship between so 
a nitriding time (uniform heat treatment time) and 
the nitrided case depth; 

FIG.9 is a graph showing the relationship between 
the nitriding time (uniform heal treatment time) and 
a number of revolution at a fatigue life (number of 55 
revolution up to breaking); 

FIG. 10 is a graph showing the relationship between 
nitriding treating profiles (nitriding time and nitriding 



temperature) and compound layer precipitates; and 
FIG.1 1 is a graph showing the relationship between 
the ratio of the nitrided case depth to the 1/2 plate 
thickness and a change in a circumferential length 
after the nitriding. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

[001 6] Embodiments of the present invention will be 



[001 7] A maraging steel used in an embodiment of the 
present invention consists mainly of a 18 % Ni-based 
maraging steel, and contains respective chemical com- 
ponents of C of less than or equal to 0.03 %, Si of less 
than or equal to 0 1 %, Mn of less than or equal to 0.1 
%, Ni of 1 7 to 1 9 %, Mo of 3 to 5 .5 %, Co of 7 to 9.5 %, 
Al of 0.05 to 0.2 %, and Ti of 0. 15 to 0.8 % in mass ratio! 
[0018] In order to enable the maraging steel in the 
present embodiment to be used as an endless ring for 
the metal belt of the variable speed drive, the aging and 
the solution treatment are applied to the maraging steel 
material. 

[0019] More particularly, in order to manufacture the 
endless ring forthe metal belt of the variable speed drive 
from the maraging steel material, respective processes 
shown in FIG.2 are employed, for example. 
[0020] First the 1 8 % Ni-based maraging steel mate- 
rial that is rolled to have a plate thickness of about 0.1 
to 0.3 mm is prepared (S1). Next, the maraging steel 
plate is welded into a ring shape- by laser beam welding 
or the plasma beam welding (S2). The solution treat- 
ment is applied to the ring-like maraging steel at about 
800 to 850 °C, preferably 820 °C for 1 hour (S3). Then, 
a plurality of ring-like maraging steels each having a 
plate width of about 1 2.5 mm are obtained by cutting the 
ring-like maraging steel (S4). Then, cut edges of each 
ring-like maraging steel is made smooth by the barrel 
grinding (S5). Then, the ring whose plate thickness is 
about 0.18 mm and whose circumferential length is 
about 700 mm is obtained by rolling the ring-like marag- 
ing steel (S6). Then, the solution treatment is applied 
again to the ring by heating it up to about 800 to 850 °C, 
preferably 820 °C for 1 hour(S7). Thus, the dimension 
reformation of the ring is carried out (S8). Then, the ag- 
ing is carried out by heating the ring up to about 480 to 
51 0 °C (S9). Then, the nitriding is applied to the ring at 
about 450 °C for about 10 to 60 minutes (S10). 
[0021] In the present embodiment, the aging is ap- 
plied to the maraging steel prior to the nitriding. In this 
case, it is desirable that conditions of this aging should 
be set such that the processed maraging steel has the 
hardness of more than 500 Hv. This is because, if the 
nitriding is applied in the situation that the hardness of 
the maraging steel that is subjected to the aging is below 
500 Hv, i.e., the aging does not sufficiently make 
progress, the nitrided case becomes fragile and thus the 
sufficient aging strength cannot be achieved. 
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[0022] Also, it is desirable that the nitriding should be 
carried out after the aging and the nitrided case having 
an about 20 % to 50 % depth in contrast to the 1 12. thick- 
ness of the maraging steel should be formed. An aver- 
age surface nitrogen concentration of this nitrided case 
should be set to more than or equal to 0.5 wt%. If the 
nitrided case depth is adjusted in the above range, the 
good fatigue life can be achieved. Also, the surface ni- 
trogen concentration of the nitrided case is below 0.5 
wt%, the surface hardness and the residual compres- 
sive stress required to get the sufficient fatigue life can- 
not be obtained. 

[0023] Further, it is preferable that the conditions to 
give the residual compressive stress value of the ma- 
raging steel in 600 Mpa or more afterthe nitriding should 
be set. This is because, if the residual compressive 
stress value of the maraging steel becomes below 600 
Mpa after the nitriding, the sufficient fatigue life cannot 
be obtained. 

[0024] In order to manufacture the maraging steel 
having the above-mentioned characteristics, it is de- 
sired that nitriding treating profiles carried out after the 
aging should be set to conditions described in the fol- 
lowing. 

[0025] The nitriding employs the gas nitriding using 
the ammonia gas (NH 3 ) or the gas soft-nitriding using 
the ammonia gas and the diluent gas. That is, the NH 3 
gas, the NH 3 gas + N 2 gas, the NH 3 gas +■ endothermic 
gas, or the like is employed as the atmospheric gas. In 
this case, the control of the nitrogen concentration can 
be relatively easily performed. If the gas soft-nitriding is 
executed, this treatment can be carried out at the rela- 
tively low temperature and therefore generation of the 
strain can be suppressed. 

[0026] Also, it is preferable that the organic chloride 
should be added to this atmospheric gas. The added 
organic chloride is vaporized in the furnace and decom- 
posed into the hydrogen chloride and the carbon. The 
hydrogen chloride generated by the decomposition re- 
moves the passive oxide film on the processed object, 
i.e., the maraging steel to activate the surface of the ma- 
raging steel. The NH 3 gas in the atmosphere is ad- 
sorbed on the surface of the activated maraging steel to 
accelerate the nitriding reaction. Thus, the deeper nitrid- 
ed case having the higher hardness can be obtained. 
Since the nitriding proceeds uniformly in the depth di- 
rection because of the passive oxide film removing ef- 
fect, it is possible to control the nitrided case depth pre- 
cisely. 

[0027] As the organic chloride added to the nitriding 
atmosphere, methylene chloride may be employed, for 
example. This methylene chloride has the small viscos- 
ity and decomposed easily, and is excellent in the han- 
dling property and the safety. In addition, vinylidene 
chloride may be employed as the organic chloride. In 
this case, in using these materials, the hydrogen chlo- 
ride gas is generated by the decomposition of the gas 
in the furnace in which the nitriding is carried out. How- 



ever, since an amount of the hydrogen chloride gas is 
minute and this hydrogen chloride gas hardly remains 
after the nitriding, there is little problem to handle such 
organic chloride, 
s [0028] It is preferable that an amount of methylene 
chloride added to the nitrogen atmosphere should be 
set to 30 to 1 00 ml per the furnace volume 1 m 3 . If the 
addition amount of methylene chloride is below 30 ml 
per the furnace volume 1 m 3 , the activation of the ma- 

10 raging steel is not sufficiently performed and thus the 
lack of the uniform nitriding or the omission of the nitrid- 
ing is caused. In contrast, if the addition amount of meth- 
ylene chloride exceeds 100 ml per the furnace volume 
1 m 3 , the free carbons increase in the atmosphere and 

15 the accumulation of the soot on the surfaces of the ma- 
raging steel and the furnace increase too. 
[0029] The treating temperature of the nitriding is set 
to less than the aging precipitation temperature of the 
maraging steel, i.e., the temperature that is lower than 

20 at least the temperature of the aging carried out before 
the nitriding, for example, 400 °C to 500 °C, preferably 
450 °C to 500 °C. In the case of 400 °C to 500 °C, this 
treatment temperature is held for 15 minutes to 3 hours. 
In the case of 450 °C to 500 °C, this treatment temper- 

25 ature is held for 1 5 to 60 minutes. According to the ni- 
triding treating profiles, it is possible to form the nitrided 
case whose depth is about 20 % to 50 % to a 1/2 plate 
thickness of the maraging steel. If the nitriding is carried 
out for the time longer than the above, the fragile white 

30 iron-nitrogen compound is formed on the surface of the 
maraging steel, and thus such longer nitriding is not 
preferable. 

[0030] Examples and results of the present invention 
will be explained hereinafter. 

35 

(Examples) 

[0031] The endless ring whose plate thickness is 0.1 8 
mm, whose width is 12.5 mm, and whose circumferen- 
ce tial length is 700 mm was fabricated by applying the 
plasma welding, the solution treatment, and the rolling 
process to the 1 8 % Ni-based maraging steel having the 
plate thickness of 0.3 mm, in compliance with the pro- 
cedures shown in FIG.2. More particularly, the solution 
45 treatment was applied to the maraging steel at 800 °C 
to 900 °C, then the aging was carried out underthe heat- 
ing profile (480 °C is held for 1 hour to 3 hours) shown 
in FIG.3A, and then the nitriding was carried out under 
the heating profile (450 °C is held for 15 minutes to 120 
so minutes) shown in FIG.3B. In this case, the solution 
treatment and the aging were carried out in vacuum 
(about 1 .33 x 10" 1 PaMO" 3 Torr) so as to prevent the 
oxidation of the surface of the maraging steel. 
[0032] . The nitriding was carried out in the mixed gas 
55 atmosphere that consists of NH 3 gas 40 %+N 2 gas 60 
%. Afterthe maraging steel was loaded into the nitriding 
furnace, the methylene chloride of the organic chloride 
was added as the oxide film removing agent into the fur- 



4 



7 



EP1 176 224 A1 



8 



nace at a rate of 90 ml per the furnace volume 1 m 3 at 
the same time when the furnace temperature was re- 
stored to 450 °C. The temperature of 450 °C was held 
for 15 to 60 minutes, and then the maraging steel is 
moved into the cooling chamber to cool in the N 2 gas 
atmosphere. In this manner, fourtypes of endless rings 
made of the maraging steel, that are subjected to the 
nitriding for different times, were fabricated (Examples 
1to4). 

[0033] The hardness of the endless ring after the ag- 
ing, and the residual compressive stress, the surface 
hardness, the internal hardness, the surface nitrogen 
concentration, and the nitrided depth after the nitriding 
were measured respectively. In the fatigue life of the 
endless ring, the tensile strength, the bending strength, 
and the bending-returning strength were measured by 
using the belt-pulley type fatigue tester shown in FIG.4 
As shown in FIG.4, this tester has a driving pulley 100 
having a 160 mm diameter and a driven pulley 200 hav- 
ing a 80 mm diameter, and then a belt 300 as the endless 
ring is stretched between the driving pulley 1 00 and the 
driven pulley 200. Then, the tensile load applied to the 
belt 300 was adjusted to 4,903 N (=500 kgf ) and the driv- 
ing pulley 1 00 was rotated at 1 ,000 rpm, and then the 
number of revolution until the belts come up to the fa- 
tigue fracture was evaluated. The evaluated results of 
these mechanical characteristics are shown in Table of 
FIG.5. 

(Comparative Examples I) 

[0034] In Comparative Examples I, five types of ma- 
raging steel endless rings (Comparative Example 1 to 
Comparative Example 5) described in the following 
were fabricated. 

[0035] For the maraging steel endless ring in Com- 
parative Example 1 , the nitriding time was set short like 
8 minutes and remaining conditions were set to the 
same conditions as Examples. 

[0036] For the maraging steel endless ring in Com- 
parative Example 2, conversely the nitriding time was 
set long like 75 minutes and remaining heating profiles 
were set to the same conditions as Examples. 
[0037] For the maraging steel endless ring in Com- 
parative Example 3, the aging executed before the ni- 
triding was carried out short to getthe hardness of below 
500 Hv after the aging, and remaining conditions were 
set to the same heating profiles as Example 3. 
[0038] For the maraging steel endless ring in Com- 
parative Example 4, the aging was carried out simulta- 
neously with the nitriding, i.e., the aging was carried out 
while executing the nitriding, according to the heating 
profile shown in FIG.3C. Remaining conditions were set 
to the same treating profiles as Examples. 
[0039] For the maraging steel endless ring in Com- 
parative Example 5, no nitriding was executed. Remain- 
ing conditions were set to the same treating profiles as 
Examples. 



[0040] As with the maraging steel in Comparative Ex- 
amples 1 to 5, the hardness of the endless ring after the 
aging, and the residual compressive stress, the surface 
hardness, the internal hardness, the surface nitrogen 
s concentration, and the nitrided depth after the nitriding, 
and the fatigue life were measured respectively, like Ex- 
amples. The evaluated results of these mechanical 
characteristics are also shown in Table of FIG.5. 

io (Comparative Examples II) 

[0041] In Comparative Examples II, when the nitriding 
was applied to the maraging steel, the organic chloride 
was not added to the nitrogen atmosphere and the pi- 
's triding was carried out for about 60 minutes. Remaining 
treating profiles were set to the same treating profiles 
as Examples. 

(Results) 

[0042] The results described in the following were ob- 
tained from the maraging steels in Examples, Compar- 
ative Examples I and Comparative Examples II. As 
shown in Table of FIG.5, it was confirmed that all the 
25 maraging steels in Examples 1 to 4 have the extremely 
good fatigue life. 

[0043] In contrast, the maraging steel in Comparative 
Example 1, in which the nitriding time was set shorter 
than Examples, and the maraging steel in Comparative 

so Example 2, in which the nitriding time was set longer 
than Examples, did not have the sufficient fatigue life. 
Also, the maraging steel in Comparative Example 3, in 
which the aging executed before the nitriding was car- 
ried out short to get the hardness of below 500 Hv after 

35 the aging, did not have the sufficient fatigue life. In ad- 
dition, the maraging steel in Comparative Example 4, in 
which the aging was carried out at the same time as the 
nitriding (the aging was earned out while executing the 
nitriding), provided the relatively high residual compres- 

^0 sive stress, but it was found that the fatigue life is not so 
high. This reason, although not clearly analyzed, may 
be guessed such that the titanium on the grain boundary 
in the base material forms the deposit of the nitrogen to 
thus lowerthe grain boundary strength. Further, accord- 

45 ing to the maraging steel in Comparative Example 5, in 
which no nitriding was executed but merely the aging 
was executed, the residual compressive stress become 
low and the fatigue life had the smallest value. 
[0044] FIG.6 shows measured result of the sectional 

so hardness of the maraging steel in Example 4 of the 
present invention and the maraging steel in Compara- 
tive Examples II, which were subjected to the nitriding 
without the addition of methylene chloride. The Vickers 
hardness of the nitrided case is increased. Therefore, 

55 the nitrided case depth can be detected by measuring 
the Vickers hardness in the depth direction. In the case 
of Comparative Examples II, the depth in the area in 
which the hardness in the surface was increased by the 
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nitriding, i.e., the nitrided case depth, was shallower 
than about 0.01 mm. Also, the Vickers hardness of the 
surface was merely around 700 Hv. In contrast, in the 
case of Example 1 , the hardness of the surface was in- 
creased up to 839 Hv and the nitrided case depth 
reached a depth of 0.04 mm. 

[0045] According to the results, it is understood that 
the addition of methylene chloride as the organic chlo- 
ride in the nitriding has the effect to accelerate the ni- 
triding reaction. The reason for this effect may be con- 
sidered such that the added methylene chloride is va- 
porized in the furnace and then decomposed into the 
hydrogen chloride and the carbon, then the hydrogen 
chloride removes the passive oxide film on the maraging 
steel to activate the surface, and then the NH 3 gas in 
the atmospheric gas is adsorbed by the activated sur- 
face of the maraging steel, whereby the nitriding reac- 
tion is accelerated. 

[0046] If the addition amount of methylene chloride is 
set below 30 ml per the furnace volume 1 m 3 , the acti- 
vation of the surface of the maraging steel is not suffi- 
ciently attained and thus the lack of the uniform nitriding 
or the omission of the nitriding was caused. In contrast, 
if the addition amount of methylene chloride exceeds 
100 ml per the furnace volume 1 m 3 , the free carbons 
were increased in the atmosphere and also the accu- 
mulation of the soot on the surfaces of the maraging 
steel and the inner wall of the furnace was increased. 
As a result, it was confirmed that the proper addition 
amount of methylene chloride is 30 to 100 ml per the 
furnace volume 1 m 3 . 

[0047] FIG.7 is a graph showing the relationship be- 
tween a rate of the nitrided case depth to the plate thick- 
ness of the maraging steel and the fatigue life. Here, the 
maraging steel having the nitrided depth of 0 % is not 
subjected to the nitriding. According to the results in this 
graph, it is seen that the good fatigue life can be ob- 
tained by the maraging steel whose nitrided case depth 
is set at a rate of 20 % to 50 %, preferably 25 % to 45 
%, to a 1/2 plate thickness. When the nitrided case depth 
reached 60 % to the 1/2 plate thickness, white fragile 
precipitation layer was formed on the surface of the ma- 
raging steel. This white fragile precipitation layer con- 
sisted of iron-nitrogen compound named compound lay- 
er. Thus, when this white fragile precipitation layer was 
formed, the fatigue life of the maraging steel was low- 
ered. 

[0048] FIG.8 is a graph showing the relationship be- 
tween the nitriding time and the nitrided case depth, in 
the nitriding treating profiles of the maraging steel in Ex- 
ample. The nitrided case depth in the maraging steel is 
substantially proportional to the nitriding time. That is, it 
can be confirmed based on this graph that, if the nitriding 
treating profiles in the present embodiment are used, 
the nitrided case depth could be adjusted by the time 
precisely. Since the added methylene chloride removed 
the passive oxide film on the maraging steel in the ni- 
triding method of the present embodiment, such meth- 



ylene chloride suppressed the generation of variation in 
the nitriding reaction according to the location and thus 
contributed the formation of the uniform nitrided case. 
Therefore, the relationship between the nitriding time 

5 and the nitrided case depth could be adjusted. 

[0049] FIG.9 is a graph showing the relationship be- 
tween the nitriding time and the fatigue life, which is sub- 
stituted for the relationship between the nitrided case 
depth and the fatigue life shown in FIG.7. As evident 

io from this graph, when the nitriding time was set to 1 5 to 
60 minutes, the good fatigue life, i.e., the good fatigue 
life could be obtained. In other words, if the nitriding time 
is adjusted, the nitriding to provide the good fatigue life 
can be carried out not to measure the nitrided case 

15 depth. 

[0050] FIG.1 0 is a graph showing the compound layer 
forming conditions in the gas nitriding using the residual 
ammonia concentration of 40 %. This graph is based on 
the above results thatthe fatigue life is lowered because 

20 of the formation of the compound layer. For example, it 
can be found that, if the treatment temperature is set to 
450 °C, the treatment time of more than 80 minutes 
should be avoided and, if the treatment temperature is 
set to 500 °C, the treatment time of more than 50 min- 

25 utes should be avoided. In this case, because this graph 
shows the results when the residual ammonia concen- 
tration is set to 40 %, it should be noted that the com- 
pound layerforming area is shifted according to the am- 
monia concentration. 

30 [0051] FIG.1 1 is a graph showing the relationship be- 
tween the nitrided case depth and an amount of change 
in the circumferential length of the endless ring. If the 
nitrided case depth became deeper, the amount of 
change in the circumferential length of the endless ring 

35 was also increased, nevertheless a degree of variation 
in the circumferential length of the endless ring was 
small. In addition, the degree of variation is substantially 
constant irrespective of the nitrided case depth. Accord- 
ingly, it can be found that, if the nitriding method cf the 

40 present embodiment is employed, the elongation of the 
nitrided case depth can be predicted based on the ni- 
trided case depth and also the problem of the variation 
in the circumferential length of the endless ring is not 
caused. 

45 [0052] As described above, according to the marag- 
ing steel of the present invention, since the tensile 
strength and the fatigue life are high, this maraging steel 
is suitable for the endless ring for the metal belt of the 
variable speed drive. Also, according to the nitriding 

so treating profiles in the maraging steel manufacturing 
method of the present invention, not only the uniform 
nitrided case can be easily obtained but also the depth 
and the concentration of the nitrided case and the length 
of the maraging steel can be adjusted by managing the 

55 treatment time. 

[0053] The entire contents of Japanese Patent Appli- 
cations P2000-222209 (filed July 24, 2000) and 
P2000-371 1 07 (filed December 6, 2000) are incorporat- 
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ed herein by reference. 

[0054] Although the inventions have been described 
above by reference to certain embodiments of the in- 
ventions, the inventions are not limited to the embodi- 
ments described above. Modifications and variations of s 
the embodiments described above will occur to those 
skilled in the art, in light of the above teachings. 
[0055] In the examples of the present invention, the 
nitriding of the maraging steel is explained. But the 
above nitriding method may be applied as the nitriding 10 
for the high tensile structural steel such as the precipi- 
tation hardening stainless steel, for example, other than 
the maraging steel. 

[0056] The scope of the invention is defined with ref- 
erence to the following claims. 15 



Claims 

1. A maraging steel comprising: 20 

a plate which is subjected to an aging to have 
a hardness of more than 500 Hv; and 
a nitrided case formed on a surface layer of the 
plate to have a depth that is about 20 % to 50 25 
% to a 1/2 thickness of the plate. 

2. The maraging steel according to claim 1, wherein 
the nitrided case has a nitrogen concentration of 
more than 0.5 wt%. 30 

3. The maraging steel according to claims 1 or 2, 
wherein a thickness of the plate is 0.1 to 0.3 mm. 

4. The maraging steel according to any of claims 1 to 35 
3, wherein the plate has a residual compressive 
stress value of more than 600 Mpa. 

5. An endless ring applied to a metal belt, comprising: 

40 

a maraging steel plate which is subjected to an 
aging to have a hardness of more than 500 Hv; 

a nitrided case formed on a surface layer of the 
plate to have a depth that is about 20 % to 50 45 
% to a 1/2 thickness of the plate. 

6. The endless ring according to claim 5, wherein the 
nitrided case has a nitrogen concentration of more 
than 0.5 wt%. 5 o 

7. The endless ring according to claims 5 or 6, wherein 
a thickness of the maraging steel plate is 0.1 to 0.3 
mm. 

55 

8. The endless ring according to any of claims 5 to 7, 
wherein the maraging steel plate has a residual 
compressive stress value of more than 600 Mpa. 



9. Amethodof manufacturingthe maraging steel plate 
set forth in claim 1 , comprising : 

executing an aging to have a hardness of more 
than 500 Hv; and 

forming a nitrided case whose depth is about 
20 % to 50 % to a distance from a plate surface 
to a center by executing a nitriding in a nitrogen 
atmosphere, to which organic chloride is add- 
ed, after the aging. 

10. The method according to claim 9, wherein the ni- 
triding is carried out by executing a heat treatment 
at a temperature which lower than a treating tem- 
perature of the aging and then holding the temper- 
ature at constant for 1 5 to 60 minutes. 

1 1 . The method according to claims 9 or 1 0, wherein a 
treatment temperature in the nitriding is set to 450 
°C to 500 °C and this treatment temperature is held 
at constant for 1 5 to 60 minutes . 

12. The method according to any of claims 9 to 11, 
wherein the nitriding is a gas nitriding or a gas soft- 
nitriding employing an ammonia gas. 

13. The method according to any of claims 9. to 12, 
wherein a treatment temperature and a time for the 
nitriding are set not to form a compound layer on a 
surface of the maraging steel plate. 

14. The method according to any of claims 9 to 13, 
wherein the organic chloride is methylene chloride 
or vinylidene chloride. 

15. The method according to any of claims 9 to 14, 
wherein methylene chloride is employed as the or- 
ganic chloride, and the methylene chloride is added 
by 30 ml to 1 00 ml per a furnace volume 1 m 3 . 

16. Amethod of manufacturingthe endless ring applied 
to the metal belt set forth in claim 5, comprising: 

executing an aging to have a hardness of more 
than 500 Hv; and 

forming a nitrided case whose depth is about 
20 % to 50 % to a distance from a plate surface 
to a center by executing a nitriding in a nitrogen 
atmosphere, to which organic chloride is add- 
ed, after the aging. 

17. The method according to claim 16, wherein the ni- 
triding is carried out by executing a heat treatment 
at a temperature which lowerthan a temperature of 
the aging and then holding the temperature at con- 
stant for 15 to 60 minutes. 

18. The method according to claims 16 or 17, wherein 
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a treatment temperature in the nitriding is set to 450 
°C to 500 °C and this treatment temperature is held 
at constant for 1 5 to 60 minutes. 



19. The method according to any of claims 16 to 18, s 
wherein the nitriding is a gas nitriding or a gas soft- 
nitriding employing an ammonia gas. 

20. The method according to any of claims 16 to 19, 
wherein a treatment temperature and a time for the 10 
nitriding are set not to form a compound layer on a 
surface of the maraging steel plate. 

21. The method according to any of claims 16 to 20, 
wherein the organic chloride is methylene chloride '5 
or vinylidene chloride. 

22. The method according to any of claims 16 to 21 , 
wherein methylene chloride is employed as the or- 
ganic chloride, and the methylene chloride is added 20 
by 30 ml to 1 00 ml per a furnace volume 1 m 3 . 



25 



30 



35 
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FIG.2 



PREPARING MATERIAL: >^i-BASED MARAOINO STEEL PLATE, [ S ' 
THICKNESS : 0.3mm 



WELDING FOR MAKING A RING : PL ASM A- WELDING 



S2 



S3 



SOLID-SOLUTION TREATMENT : 8200 X lHr 



S4 



CUTTING THE RING : RING WIDTH : 12.5mm \ ^ 
1 S5 

S6 



BARREL GRINDING 



ROLLING THE RING : RING THICKNESS : 0.18mm \ ^ 



S7 



SOLID-SOLUTION TREATMENT : 820O X lHr \ ^ 



S8 



REFORMING THE RING LENGTH : CIRCUMFERENTIAL LENGTH : 700mm} ^ 



_ ____ S9 

AGING : 480*0 X lHr \ ^ 

1 S10 



NITRIDING 
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TEMPERATURE 



480T: 



FIG.3A 



TEMPERATURE 



FIG.3B 




VAPORIZING METHYLENE CHLORIDE 



TEMPERATURE 



FIG.3C 



420*t 



480T: 



NITRID1NG 



AGING 



VAPORIZING METHYLENE CHLORIDE 
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FIG.6 
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FIG.10 
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FIG. 11 




RATE OF THE NITRIDED CASE DEPTH 
TO THE THICKNESS OF 1/2 PLATES (%) 
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